Structural and biochemical abnormalities of scalp hair have been reported in association with various nutritional and biochemical defects in children.1 We report hair abnormalities in 2 siblings with unusual facies who died after prolonged periods of persistent diarrhoea with failure to thrive.
Case reports
The children were the second and third offspring of healthy unrelated parents. The father had been born in 1945 and the mother in 1948. Both had normal karyotypes and negative serological tests for syphilis. The mother's blood group was A Rhnegative and she had received anti-D globulin after each of her first two pregnancies. Her Complement fixation tests for influenza A and B, para-influenza, adenovirus, respiratory syncytial virus, psittacosis, Q-fever, Mycoplasma pneumoniae' cytomegalovirus, and Herpes simplex virus were negative. Rubella HA I was 128, Coxsackie B1.5 neutralisation tests were negative. Serum immunoglobulins were: IgG 350 mg/100 ml, IgA <40 mg/100 ml, IgM <8 mg/100 ml. Guthrie tests showed a fall of the tyrosine level from 20 mg/100 ml (1 * 10 mmol/l) on day 6 to <2 mg/100 ml (0.11 mmol/l) on the 21st day. During this period the serum methionine level rose from 6 (0.4 mmol/l) to 20 mg/100 ml (1 *34 mmol/l) while urine amino-acid chromatography showed no abnormality on two occasions.
At necropsy the body weight was 1600 g and the immediate cause of death attributed to a massive gastrointestinal haemorrhage. The liver (60 g) had a coarsely lobulated surface with patchy bile staining, and appeared haemorrhagic. The extrahepatic biliary tract was patent to the duodenum. Other abnormalities included thymic atrophy (<1 g), abnormal lobulation of both lungs, and firm head of pancreas. The kidneys (combined weight 21 g) and brain (220 g) appeared grossly normal. Histological examination showed extensive fibrosis of the liver with bile duct proliferation and irregular nodules of regenerating parenchyma which had undergone extensive necrosis. Giant cells were identified but not considered significant. There was haemosiderosis of the liver, exocrine pancreas, and thymus. The islets of Langerhans were increased in number but normal in size. There was acute papillary and tubular necrosis of the kidneys but no microcysts. The pancreas was not fibrosed and the histology of gastrointestinal tract, including the small intestine, appeared normal. Hair morphology and biochemistry Microscopy of scalp hairs. In both cases low-power light microscopical examination showed that the hairs varied in thickness and shape (aniso-and poikilotrichosis) and some were exceptionally fine. Many hairs were kinked. On high-power light microscopical examination the hairs were found to be deficient in substance, some appearing almost 'ghost-like'. At sites where hair was lacking in substance there were longitudinal breaks (trichoptilosis). In places the hair was twisted at regular intervals in its long axis (pili torti). All variations could be seen in individual hairs; loss of hair substance, partial breaks, and complete fractures. At fracture sites the ends were smooth (trichoschisis) Fig. 3 Scanning electron microscopy of 'budding' of hair with loss of architecture (trichorrhexis blastysis) at low and high power.
Unexplained diarrhoea: a new syndrome 215 or brush-like (trichorrhexis nodosa). In addition, some hairs had a rope-like appearance and at places there were nodes through which oblique fractures were visible. Scalp hair from neither parent showed any abnormality.
Scanning electron microscopy. Scanning electron microscopy ( Fig. 3) carried out under low power showed projections at multiple sites arising from the convex surface of a kinked hair. On higher magnification these projections had the appearance of buds for which the name trichorrhexis blastysis (Gr blastos = bud) is proposed. At affected sites the hair had lost its cuticle, the complete architecture was lost, and the hair was seen to break into parts.
Biochemistry of hair. Hair samples from the patients and their parents were analysed as described previously.2 The amino-acid composition of the parents' hair was normal and very similar to that of a sample of normal hair hydrolysed under the same conditions. Hair from both patients had a low cystine content and abnormal contents of several other amino-acids especially aspartate, proline, and leucine.
Discussion
The striking clinical features and abnormal histological and biochemical findings in the scalp hair of these siblings suggest that we are dealing with a hitherto undescribed syndrome. Abnormal facies, hepatic changes, and microcysts in the renal cortex in Case 2 are features seen in Zelweger's syndrome3 but the lack of cerebral changes, and the presence of marked diarrhoea, hyperactivity, and abnormal hair make this diagnosis unlikely. In addition, neither child showed the typical punctate epiphyseal calcification, and pipecolic acid could not be detected in 3 urine specimens from Case 2. The placental weight which was excessive both for birthweight and gestational age was not explained by rhesus incompatibility, congenital nephrotic syndrome, or by any other cause of hydrops fetalis.
The overall pattern of the biochemical abnormalities suggest a deficiency in high-sulphur protein fractions of the hair, similar, although somewhat less pronounced, than those reported in siblings with trichorrhexis nodosa with mental and physical retardation,4 in trichoschisis,5 and in the BIDS syndrome.6 Postnatal malnutrition may produce thinning of the hair shaft diameter7 and reduction in high sulphur proteins8 but does not present the microscopical hair features seen in our cases. The overall amino-acid analysis is a very imprecise indication of the composition of the complex mixture of keratins present in hair and the underlying protein abnormalities in these various disorders are unlikely to be identical.
Light microscopical examination of the hair in our two patients showed various abnormalities including pili torti and trichorrhexis nodosa, conditions which are found together in Menkes's syndrome,9 in arginosuccinicacidurial 10 and in the condition described by Tay." These conditions are excluded by the findings of normal serum copper in Case 2 and by normal urinary amino-acids on several occasions in both patients. The children with hair abnormalities described by Pollitt et al.4 differed from our patients in that they maintained good health.
We believe that our patients suffered from an abnormality hitherto undescribed, probably inherited as an autosomal recessive trait, and characterised by the features listed (Table) . Exhaustive studies failed to find the cause of diarrhoea in these siblings and the biochemical abnormalities found in hair samples were not reflected in the blood or urine. The 
